INTRODUCTION 1
Many epidemiological studies have shown an inverse relation between exposure to 2 sunlight, vitamin D 3 (cholecalciferol) intake or 25-hidroxyvitamin D 3 (calcidiol) blood 3 levels and the incidence of several neoplasias, particularly colorectal cancer (CRC) [1] [2] [3] [4] . expression, an epithelial differentiated adhesive phenotype and antagonizes the Wnt/ -14 catenin signaling pathway [10] . A global transcriptomic study showed that 1,25(OH) 2 D 3 15 changes significantly the RNA expression profile of these cells: about two-thirds of the 16 target RNAs were upregulated and one-third were downregulated [11] . These RNAs 17 rRNA applying the comparative C T method [24] and using RNA TaqMan probes (Applied 23 Biosystems) for KHSRP, PARP1 and SFPQ or oligonucleotides for SMARCE1 (sense 5'GTCGGTTGTCACAACAGCTAGAA-3', antisense 5'-TCTAGTTTCCGCTGATGAACCA-1 3') and CDH1/E-cadherin (sense 5'-AGAACGCATTGCCACATACACTC-3', antisense 2 5'-CATTCTGATCGGTTACCGTGATC-3'). The quantitative PCR reaction was performed in 3 an ABI Prism 7900 HT thermal cycler using TaqMan or SYBR Gene Expression Master 4 Mix (both from Applied Biosystems). Thermal cycling consisted of a denaturing step at 5 95ºC for 10 min and 40 cycles of denaturing at 95ºC for 15 s and annealing and elongation 6 at 60ºC for 60 s. Statistical significance was assessed by two-tailed unpaired Student´s t-test 7 (* p 0.05, ** p 0.01, *** p 0.001). 8 9
Bioinformatic analysis 10 GO-term analysis and functional annotation was carried out with DAVID [25]. DAVID 11 uses a modified Fisher Exact p-value to determine whether a GO-term is over-or under-12
represented in a given proteomic data set. Enrichment scores denote the geometric mean of 13 all the enrichment p-values for each annotation term associated with the gene members in 14 the group [26] . Enrichment scores above 1.3 were statistically significant (1.3 is equivalent 15 to p-value < 0.05). Protein interaction analysis was carried out with the free web-based tool 16 STRING [27] . STRING is a database of known and predicted protein interactions. We 17 used iHOP [28] for text mining and KEGG for pathway studies [29] . Moreover, individual 18 characteristics of the identified proteins (location, function, etc) were assigned or 19 confirmed using bioinformatic tools like GeneCards (www.genecards.org). All these 20 resources are freely available for academic users. 21
RESULTS 1

Identification of proteins regulated by 1,25(OH) 2 D 3 using 2D-DIGE analysis 2
Nuclear extracts from SW480-ADH cells treated with 1,25(OH) 2 D 3 or vehicle for 8 or 48 h 3 were analyzed by 2D-DIGE, for early and late events, respectively. These time points were 4 selected to discriminate between E-cadherin-dependent or -independent 1,25(OH) 2 D 3 5 target genes, as CDH1/E-cadherin protein increases 10-12 h after 1,25(OH) 2 D 3 treatment 6 and is responsible for a drastic morphological change in SW480-ADH cells [10] . Also, 7 they may permit to differentiate between direct and indirect 1,25(OH) 2 D 3 targets. Changes 8 in the pattern of protein expression were quantitatively and statistically analyzed by using 9
Ludesi Redfin and Progenesis Samespots considering the 12 spot-maps included in the 10 study for each time point. Each gel was analyzed individually to calculate the volume 11 ratios between individual samples and the internal pool, which was used as the standard 12 reference. Then, all the images were combined and analyzed together by using both 13 softwares. 115 spots differentially-expressed between 1,25(OH) 2 D 3 -and vehicle-treated 14 cells were selected based on the fold-change (<0.80 or >1.25) and the ANOVA p-value 15 (<0.05). The spots of interest were picked from a preparative gel for protein identification. 16
Using this strategy 59 differentially-expressed unique proteins were identified in nuclear 17 extracts from 1,25(OH) 2 D 3 -treated SW480-ADH cells (Tables 1a and 1b) . In addition, a 18 number of proteins was identified as different isoforms or fragments (ACTB (4), PP1A (4), 19 EZR (3), XRCC6 (2), YWHAE (2), SMARCE1 (2), ATP5A1 (2), PHB (2) , being the 20 number of isoforms or fragments shown among parentheses), which raised the total 21 number of identifications to 72. At 8 h, only 12 changes in protein abundance were 22 observed between 1,25(OH) 2 were analyzed by Western blot using specific antibodies against a panel of altered proteins 22 (Fig. 2) . Three independent experiments were done. We confirmed that the nuclear content 23 of NCL, EZR, KHSRP and TARDBP increased by 1,25(OH) 2 Furthermore, we selected a few proteins to study whether the changes in their 4 protein expression correlated with alterations at the RNA level. This was the case for all 5 four cases studied: similarly to protein levels, the RNA expression of PARP1, SMARCE1 6
and SFPQ decreased by 1,25(OH) 2 D 3 treatment and those of KHSRP were induced (Fig.  7 3). These results suggest a transcriptional regulation of these genes. As a positive control, 8
we confirmed the induction by 1,25(OH) 2 D 3 of CDH1/E-cadherin RNA expression, a well 9 known 1,25(OH) 2 D 3 target gene [10, 31] . To further study the correlation between 10 alterations at the protein and RNA and level, we compared the results of the proteomic 11 study with those of our own transcriptomic analyses [11 and unpublished results]. This 12 analysis revealed that only 13 out of the 57 proteins were found as regulated by 13 1,25(OH) 2 D 3 in SW480-ADH cells in both types of studies ( Table 2 ). In all these cases, 14 regulation followed the same trend. 15
16
Validation of differentially-regulated proteins by immunofluorescence analysis 17
Immunofluorescence and confocal microscopy analysis of cells treated with 1,25(OH) 2 D 3 18 or vehicle was used to further confirm the regulation and to examine the subcellular 19 location of the identified proteins (Fig. 4) . A good correlation was observed with the 20 Western blot analyses. NCL pattern of expression was similar in vehicle-or treated-cells, 21 strong signal in nucleolus and diffuse in nucleoplasm, but more intense in 1,25(OH) 2 D 3 -22 treated cells. TARDBP and KHSRP levels were higher in both nucleus and cytosol in 23 nuclear foci. In contrast, and in agreement with Western blot data, RBBP4, SFPQ, PARP1, 1 NPM1 and SMARCE1 expression was lower in 1,25(OH) 2 D 3 -treated SW480-ADH cells 2 than in vehicle-treated cells. For RBBP4, SFPQ and PARP1, the expression was 3 exclusively nuclear; whereas NPM1 and SMARCE1 were located at both the nucleus and 4 cytoplasm. As expected, EZR was preferentially located close to the plasma membrane and 5 its expression was higher in 1,25(OH) 2 D 3 -treated cells (Fig. 4) . helicases (XRCC6), PARP1 and chaperones (HSPA9) are also common components of the 23 nucleolar fraction and many of them have also been reported as components of theproteome of spliceosomes assembled in vitro [35] . In addition, it has recently been 1 described the ability of PARP1 to modulate the splicing process [36] . active chromatin such as DNase I-hypersensitive sites and regions with specific histone 10 modifications [42] . Another interaction node was centered on NCL and PPP1CB (protein 11 phosphatase 1, beta isoform), which might cooperate to downregulate NPM1 and HMGB2 12 that are involved in cell proliferation. A few small groups including elongation factors, 13 mitochondrial proteins and the 14-3-3 protein family were also observed (Fig. 6) . 14 A second cluster was composed of cytoskeleton-associated proteins (ERM family, 15 VCL, ACTB, CORO1C, PPP1CB (also known as MLCP) and IQGAP3) (Fig. 6) . KEGG 16 pathways analysis showed that increases in the abundance of ERM family, VCL and 17 expression and focal adhesion assembly. Accordingly, PI4P5K has been recently 22 implicated in the induction of E-cadherin and the inhibition of cell motility by 23 the adherens junctions and cell-cell contacts in the treated cells. Collectively, these data 1 support the observations that 1,25(OH) 2 RNAs were up-regulated and one third was down-regulated [11] . However, when we 11 compared our transcriptomic and proteomic data, we recovered 13 proteins that were 12 present in both analyses as regulated by 1,25(OH) 2 D 3 and these proteins showed the same 13 trend in regulation. The reasons for the apparent discrepancy between proteomic and 14 transcriptomic data are unclear and, probably, multifactorial. Among other reasons, the 15 differences might arise from comparing a transcriptomic profile, that was not genome-wide 16
[11], with the more partial nuclear proteome regulated by the hormone. Also, a different 17 post-translational regulation, alternative splicing or stability issues of the proteins could 18 explain the differences between mRNA and protein levels. In addition, as 2D-DIGE 19 analysis is biased towards the detection of relatively abundant proteins, it can be assumed 20 that additional changes affecting low-level expressed proteins were not detected. The use 21 of more powerful LC-MS systems could lead to a deeper insight into the regulatory effects 22 of vitamin D compounds on the proteome. 23
Despite nuclear extracts were used in the study, only 27 out of 59 proteins werepre-assigned to the nucleus (Table 1) , while the remaining were preferentially cytosolic, 1 cytoskeletal, mitochondrial or membrane proteins. Although we cannot discard a slight 2 contamination of nuclear extracts with cytosolic proteins, the latter proteins may be 3 partially or temporarily present in the nucleus due to chemical modifications and/or 4 transport mechanisms induced by specific signals. Accordingly, nuclear localization has 5 been described for classical cytoskeleton-associated proteins as actin, myosin, filamin A 6 and coronin 2A. Among the proteins identified in our study, EZR, in addition to its well-7 known location at the subcortical region linking actin filaments to the plasma membrane, Confocal microscopy was performed with a TCS SP5 laser scanning microscope (Leica).
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